This study uses a stochastic frontier approach to evaluate firm efficiency. The resulting efficiency score, based on firm characteristics, is the input for performance evaluation. The portfolio composed of highly efficient firms significantly underperforms the portfolio composed of inefficient firms even after adjustment for firm characteristics and risk factors, suggesting a required premium for the inefficient firms. The difference in performance between the two portfolios remains for at least 5-years after the portfolio formation year. In addition, firm efficiency exhibits significant explanatory power for average equity returns in cross-sectional analysis.
I.

Introduction
How efficiently a firm operates determines its cash flows, which in turn are priced in the financial markets. Yet the economic link between firm efficiency and asset prices remains relatively unexplored. This paper studies the effect of firm efficiency on average equity returns.
There are a number of potential reasons why firm efficiency may affect stock returns. Firms make investment and financing decisions that may affect the riskiness of their cash flows. In an efficient market, these risky cash flows will be priced through the equilibrium rate of return. Take, for example, financial distress. According to Fama and French (1995) , firms in financial distress have higher required rate of return because of higher distress risk. Hence, distress risk is one channel through which efficiency can be linked to equity return. Or consider market power. Firms that operate more efficiently may have relatively larger market shares and higher profits because of their low costs of production (Demsetz, 1973 , 1974 , and Peltzman, 1977 . This, in turn, makes them less vulnerable to outside competition and to aggregate demand shocks. Hence, the required rate of return for efficiently operating firms will be lower than for inefficiently operating firms 1 . Regardless of the underlying economic channel between efficiency and stock returns, our message is simple. The firm efficiency level should affect the riskiness of firm cash flows and cash flows should impact firm equity returns.
The first task in exploring the linkage between efficiency and equity returns is to estimate firm efficiency level based on some common standard. Two firms with similar characteristics facing the same conditions should have the same values. However, one firm being priced higher (lower) than another firm implies that one firm is more (less) efficient. One methodology for estimating firm efficiency is stochastic frontier analysis that provides a way to "benchmark" the relative value of each firm. This benchmark is a hypothetical value and represents the value a firm could obtain if it were to match the performance of its best-performing peer. The shortfall from the benchmark, measured by the difference between the hypothetical value and the actual value of the firm, is an estimate of the level of inefficiency of the firm. Firms with lower degrees of shortfall and hence lower inefficiencies are the more efficient firms.
While stochastic frontier analysis is a familiar technique to measure firm efficiency in production economics, its use is relatively new in finance 2 . In a recent study, Habib and Ljungqvist (2005) apply stochastic frontier analysis to measure firm efficiency in large publicly traded companies and study its relationship to corporate governance. We follow the same basic measurement technique to estimate firm level efficiency. Once the efficiency level for each firm is obtained, we form decile portfolios based on firm shortfall from the frontier and evaluate the performance for each portfolio accordingly.
We find that firms that are most inefficient tend to outperform firms that are most efficient even after adjusting for size, book-to-market and momentum factors. While we find no difference in performance for value-weighted returns, the economic impact of equally-weighted returns is large. Our findings indicate that firms in the most inefficient group earn monthly returns that are 0.76% higher than firms in the most efficient group, and the difference is statistically significant. Further, we test the results relative to characteristics benchmark portfolios proposed by Daniel, Grinblatt, Titman, and Wermers (1997) . Even after controlling for both risk factors and characteristics benchmarks, the difference in performance is still economically and statistically significant.
We also examine the persistency of the efficiency level in the years following portfolio formation. We find that a simple 5-year buy-and-hold strategy generates an average cumulative return difference of 44% in favor of inefficient firms. At the same time, the average efficiency level of the most inefficient firms is rising. This observation is in line with findings by Habib and Ljungqvist (2005) who document that firms with shortfalls from the benchmark take actions to improve their performance.
Furthermore, Berger and Humphrey (1992) , Cebenoyan, Cooperman and Register (1993) , and Hermalin and Wallace (1994) , among others, document low efficiency is correlated with high failure rate. Thus, our finding of improvement in efficiency levels suggests that in order to stay competitive and survive in the market firms are forced to improve their efficiency levels.
Finally, we demonstrate that stock returns are related to firm efficiency level in cross-sectional analysis. In particular, we use the Fama and MacBeth (1973) approach to examine the relationship between average stock returns and firm efficiency level. We find that firm efficiency level helps explain monthly stock returns even after controlling for size and book-to-market. Interestingly, the results indicate that the firm efficiency level subsumes the information that is present in book-to-market.
The remainder of the paper is organized as follows. Section II sets forth the empirical approach;
the data is described in Section III; Section IV presents empirical findings. Section V provides supporting evidence for the efficiency score, and Section VI concludes.
II. Empirical Approach
A. The Link between Firm Efficiency/Inefficiency and Stock Returns
We postulate a simple model to describe the relation between firm efficiency/inefficiency and expected stock returns. Consider firm value as follows
where V t is the observed firm value at time t, V t * is firm value at time t under minimum or no inefficiency and I t are the inefficiencies or distresses incurred by the firm at time t. We assume that I is non-negative. Therefore, I > 0 measures the net inefficiencies that the firm incurs as a result of any firm specific problems such as agency conflict, technical or managerial inefficiency or financial distress.
Define V t ' as the intrinsic value of the firm, where V t ' is simply the discounted value of future cash flows generated by firm assets and future growth opportunities. Hence,
where E is the expected value operator, X is a (1 x k) set of firm inputs, β is a (k x 1) set of parameters and r is the discount rate.
In an efficient market with rational expectations, any firm inefficiency such as agency cost or financial distress should be incorporated in the market price and reflected through the required rate of return or the discount rate. This implies that
By rearranging equation (4), we have the following
This simple model predicts that firms with higher inefficiencies will have higher required rates of return. This is in keeping with well-established theory that greater returns are necessary for investors to undertake more risk. Inefficient firms face greater challenges as they attempt to attract better management, improve operational strategies, and raise necessary funding. Empirical evidence supporting this thesis include Barr, Kilgo, Siems and Zimmel (2002) , who, in a study of U.S.
commercial banks, find that efficiency level is positively correlated with return on average assets.
Further, Berger and Humphrey (1992) , Cebenoyan, Cooperman and Register (1993) , and Hermalin and Wallace (1994) document that banking and savings and loan institutions with low efficiency fail at greater rates than institutions with high efficiency. More importantly, Barr, Seiford and Siems (1994) show that the efficiency-failure relationship is evident a number of years ahead. Therefore, under the risk-based argument, firms with lower efficiency should require higher rates of return.
B. Firm Efficiency/Inefficiency: Efficiency Scores
To estimate firm efficiency, consider a set of firms where each firm faces the same opportunity set. Due to firm-specific characteristics such as managerial strengths, technical efficiency and investment choices, different firms may pursue the opportunity set in different ways, thereby creating different firm values. The logic implies that firms with higher valuations are the ones generating more value per dollar of assets. Consequently, the market perceives them to be the more efficient firms.
Firms with lower valuations are the ones not making the best use of their assets. Hence, they are regarded as the less efficient firms. By varying the opportunity set and firm characteristics, we can estimate an optimal firm value function or the frontier function in a sample for any combination of firm characteristics and opportunities. Each firm's shortfall from the frontier is an approximate measure of the market perception of firm inefficiency.
A few important points must be noted before estimating the optimal value or the frontier. First, the assumption of a frontier function is that firms can only lie on the frontier or below it because it is the proxy for the "optimal" firm value. Second, the true "optimal" firm value is never known, and the frontier is only a benchmark consisting of the best performing companies facing a specific opportunity set. That benchmark is an econometric estimation. Third, a firm can be on the frontier simply because of random "luck" rather than superior management or foresight. For the same reason a firm can be below the frontier through no firm-specific reason. Therefore, it is important to be able to distinguish between actual inefficiency and random effects.
The determination of an efficiency score is based on the technique of stochastic frontier analysis, pioneered by Aigner, Lovell and Schmidt (1977) , which enables us to capture both inefficiency and luck asymmetry. The intuition behind the stochastic frontier approach to firm value is that a point on the frontier represents the maximum value that a given firm can obtain given its fundamentals and no inefficiencies. The difference between the actual firm value and the maximum firm value is treated as an estimate for firm inefficiency. Nevertheless, the shortfall from the frontier can also be the result of white noise (comprised of random elements beyond the control of the firm's principals or agents) rather than systematic inefficiencies alone. To distinguish between the two, stochastic frontier analysis assumes a composed error model where inefficiencies follow an asymmetric distribution while random errors follow the standard normal distribution.
Unfortunately, standard ordinary least squares (OLS) cannot distinguish between systematic inefficiency and stochastic white noise. By assumption, systematic components in OLS are incorporated into the intercept and are therefore unidentifiable. In contrast, systematic inefficiency in stochastic frontier analysis will appear as skewness in residuals which can be computed for each firm and ranked accordingly.
Formally, the frontier or the optimal firm value, V i , can be estimated as follows
where V i is the value of firm i given input vector X and parameter estimate vector β. is greater than zero which indicates a distinction between firms that maximize firm-value (these firms lie on the frontier) and firms that suffer from inefficiency (these lie below the frontier). In case u i = 0 for all i, estimates from stochastic frontier analysis are indifferent from those obtained from OLS.
Once the parameters have been estimated and the location of the frontier is identified, computation of the efficiency score is straightforward. Specifically, for each firm we can measure the relative distance from the frontier as follows
where E is expected value operator and V* is the frontier estimated firm value given no or minimum inefficiency. The efficiency score, S, is a normalized measure between 0 and 1. A score of 0.90 implies that the firm is valued at a 90 percent level in comparison to its best performing peers, ceteris paribus.
Conversely, a firm with a score of 0.70 is only valued at a 70 percent level, ceteris paribus. Obviously, the market considers the first firm to be more efficient than the second firm.
It is possible that all firms operate at the optimal level (i.e. u i = 0). If such is the case then there is no gain in using stochastic frontier analysis since σ u 2 = 0. Similar to Habib and Ljungqvist (2005) , we test the null hypothesis whether u = 0 for all i using the likelihood ratio test. If the null is rejected then the deviations from the frontier are attributed to systematic inefficiencies.
C. Frontier Construction
In order to estimate market valuation of firm efficiency, we need to construct a theoretical benchmark value for each firm while controlling for firm characteristics and opportunity sets. The frontier is dependent upon variables selected, and we base the choice of input variables (proxies for firm characteristics and fundamentals) on underlying theory and previous empirical research.
Tobin's Q or the market-to-book ratio is selected to proxy for firm value. Therefore, the stochastic frontier function is defined as
3 It is also possible to estimate the model using panel data which allows the frontier to shift over time (see Greene (2005) ). This is valuable for observing the dynamics of an explanatory variable on firm value over time. For example, Habib and Ljungqvist (2005) use a panel stochastic frontier to study the dynamics of managerial incentives on firm value. However, in our study, we assume that investors make investment decisions based on the current efficiency level (current information) and that they have no knowledge of future firm characteristics. Thus, we compute our efficiency score for each cross-section instead of for the whole panel. As a robustness test, we estimate firm level efficiency for the whole panel and create portfolios accordingly. The results are qualitatively the same and are available from the authors.
Employing a log transformation of equation (8) where φ ij is a dummy variable that proxies for firm i's industry j according to the Fama-French industry classification and u i is the one-sided measure of inefficiency. The rationales, economic meaning and predicted signs of the remaining variables are as follows.
The log of book equity is a control factor from the log transformation of Tobin's Q.
β 2 and β 3 : The log of sales measures firm size, and the expected relationship between size and value of the firm is positive. However, to control for a firm's asset base we also include the log of the firm's total assets which captures the diminishing nature of the relationship between size and firm value (Demsetz and Villalonga, 2001 ).
β 4 : Long-term debt scaled by total assets proxies for firm leverage. The expected sign is indeterminate because on one hand, high leverage implies higher interest expense and higher cost of equity, hence lower firm value. On the other hand, high leverage can also proxy for monitoring activities by creditors. Thus the relation between firm value and leverage is ambiguous. 4 Log transformation, which converts the production function into a linear model, is commonly used in stochastic frontier analyses. Moreover, we use the log transformation to normalize the variables and to reduce skewness of the sample. For variables with many zero observations, we scale them either by sales or by total assets instead of log transform in order to avoid losing observations. The 49 Fama-French industry classifications are available with permission from Professor Kenneth French's website at http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html.
β 5 : Capital expenditure (CAPEX) is a measure of "hard spending" and investment opportunities.
Since many firms do not have capital expenditures, we scale CAPEX by sales instead of using log transformation. Similar to Habib and Ljungqvist (2005) , we expect a positive relation between "hard spending" and firm value.
β 6 and β 7 : R&D expenses (R&D/Sales) and advertising expenses (ADV/Sales) scaled by sales proxy for intangible assets or "soft spending". Morck, Shleifer and Vishny (1988) and McConnell and Servaes (1990) found that Tobin's Q may not capture all growth opportunities and "soft spending"
of the firm. Moreover, Grullon, Kanatas and Weston (2004) found that advertising is positively related to firm liquidity and visibility, which in turn reduces the cost of equity. We expect a positive relation between R&D and firm value and advertising and firm value.
β 8 : Property, plant and equipment scaled by total assets is used to measure the degree of capital intensity of the firm. While firms with more fixed assets should be worth more, they also incur higher operating leverage. Therefore, the relationship is ambiguous.
β 9 : Similar to Palia (2001) , free cash flow, as measured by operating profits to total assets (EBITDA/Total Assets), serves as proxy for firm profitability. We expect market value to increase with profitability.
Multicollinearity tests for equation (9) reveal a high degree of correlation between ln(Total Assets), ln(Sales) and ln(Book Equity) which is consistent with Fama and French (1992) who suggest that variables such as total assets and sales are being absorbed by book equity. Therefore, we remove the log of total assets and log of sales from equation (9) Once the frontier inputs have been determined, the frontier as of July of each year is constructed, and an efficiency score for each firm for each year is obtained.
D. Portfolio Construction
Portfolios are constructed based on a ranking of efficiency scores. In July of each year t from 1980 to 2002, we rank all the stocks in the sample by efficiency scores in descending order. We then split the sample into efficiency deciles which provides the ten portfolios which are the focus of the Once the portfolios are formed, the monthly excess return for each stock is calculated by subtracting the risk-free rate from the return for that month. The excess return on individual stocks is then used to calculate excess monthly returns on the top and bottom decile portfolios based on sorting of the efficiency scores. Although we report results using both equally-weighted and value-weighted portfolio returns, we emphasize equally-weighted returns. The primary reason is because valueweighted returns place heavier emphasis on the size of the stock than on the efficiency level of the firm.
If mispricing is common for both small and large firms then efficiency-driven performance for equallyweighted and value-weighted returns should be the same. Otherwise, value-weighted returns will not be able to capture the abnormal returns arising from the misvaluations. The results are mitigated by the size of the company 6 .
E. Returns Comparison
Two different approaches for evaluating performance of the EFFICIENT and INEFFICIENT portfolios are examined. The first approach is the Carhart (1997) modification of the Fama-French (1993) three factor model. The second technique is the Daniel, Grinblatt, Titman, and Wermers (1997) approach which measures abnormal returns relative to benchmarks that are designed and constructed to have similar firm characteristics.
The Fama-French and Carhart Four-Factor Model
The Fama-French and Carhart (1997) model, also known as the four-factor model, is an extension of the Fama and French (1993) three factor model. According to the model, in the absence of outperformance or underperformance (i.e. α is zero), the excess return of a portfolio is the sum of the risk-free rate and the products of the betas with the factor risk-premia. The model can be estimated as follows (11)
where ER P is the excess return of portfolio p; RMRF is the market risk premium; SMB is the sizepremium; HML is the value-premium; UMD is the momentum factor and is the difference between the return on a portfolio of high return stocks in the prior year and the return on a portfolio of low return stocks in the prior year. The four-factor model will generate Jensen's alpha while controlling for the covariance of portfolio returns with market return and size, book-to-market and momentum factors.
2.
Characteristics-Based Benchmark Portfolios argue that the Fama-French three factor model lacks explanatory power of stock returns when compared against the characteristics model. Specifically, the authors show that expected returns are directly related to firm specific characteristics rather than covarying with the 6 For more discussion on weighting, see Fama (1998) and Loughran and Ritter (2000) .
aggregate level factor risk-premia. Moreover, Daniel, Grinblatt, Titman, and Wermers (1997) document that the characteristics model has more statistical power to detect abnormal performance than risk factor models. Therefore, to control for firm characteristics in performance evaluation, we adopt the Daniel, Grinblatt, Titman, and Wermers (1997) characteristics benchmark approach.
The benchmark portfolios are designed such that each of the portfolios captures the size, value and momentum characteristics of its stocks 7 . The characteristics benchmark portfolios are created as follows. First, the NYSE stocks are sorted into size quintiles in order to obtain size breakpoints for the firms in the sample. The sort is based on each firm's market equity on the last day of the month prior to the formation date (beginning July). The market capitalization of each firm in the sample is then Once the yearly benchmark portfolios are formed, each stock is assigned to a portfolio according to its size, B/M and momentum rank. The benchmark-adjusted return for a stock is then the difference between the stock's raw return and the benchmark portfolio return. These benchmarkadjusted returns are used to calculate the value-weighted and equally-weighted returns for the 
III. Data Description
Firms included in the study are selected from the Daniel, Grinblatt, Titman, and Wermers (1997) and Wermers (2004) databases which cover firms in the NYSE, AMEX and NASDAQ universe while excluding REITs, ADRs and non-US firms, close-end funds, primes and scores, and HOLDRs 9 .
Monthly data on stock returns are obtained from CRSP. Shumway (1997) and Shumway and Warther (1999) find that there is a survivorship bias inherent in CRSP for performance-related delisted firms. To mitigate the problem, we follow Shumway and Warther (1999) and substitute -30% as the last month return for NYSE/AMEX firms and -55% as the last month return for NASDAQ firms. To be included in the sample, a firm must meet the following criteria. First, it must have the CRSP stock prices for July of year t and June of year t+1 and the COMPUSTAT book equity for
December of year t -1. Second, the firm must not have negative book equity for the end of fiscal year t -1. Third, the firm must have appeared in the COMPUSTAT database for two years to avoid potential survivorship bias problems.
Following Fama and French (1992) , we match stock returns for the period of July of year t to June of year t + 1 to the accounting data of a firm for the fiscal year ending in year t -1. This ensures that accounting information is known before it is used for testing. Firms with one or more missing monthly returns and firms that do not meet the accounting data requirement are excluded from the sample. Table 1 Overall, the statistics suggest that the sample is diverse and consists of firms with different characteristics.
[INSERT In Panel B of Table 2 , we report the diagnostics for stochastic frontier analysis. The average pvalue for the likelihood ratio test over the period is 0.0156 with a maximum of 0.1030 and a minimum of 0.0000. Thus, we reject the null that all firms operate at an optimal level. We also report λ, the ratio of σ u to σ v , which measures the relative influence of the asymmetric error to the symmetric error. The mean of λ is 0.9694 (p-value less than 1%) which confirms the existence of systematic inefficiencies.
Hence, we conclude that the shortfalls from the frontier are attributed to systematic inefficiencies and there is a potential gain in statistical efficiency from the stochastic frontier specification 11 . 
B. Distribution of Returns on Portfolios Formed from Efficiency Score Rankings
To measure performance of the various categories of portfolios identified from efficiency scores, both equally-weighted and value-weighted portfolios are investigated, and abnormal returns are reported in Table 4 . Panels A and B present the excess returns while Panels C and D present the benchmark-adjusted returns. SPREAD is a zero-cost portfolio that has a long position in the INEFFICIENT portfolio and a short position in the EFFICIENT portfolio. We use the spread between the two portfolio returns to measure the premium associated with inefficient firms.
[ This INEFFICIENT/EFFICIENT portfolio returns difference between equally-weighted and valueweighted results may be indicating the influence of small stocks.
The returns in Panels C and D are benchmark-adjusted rather than risk-free-adjusted; hence the effects of book-to-market, size and momentum are controlled. The adjusted returns for both types of portfolios are reduced dramatically, but again the INEFFICIENT portfolio appreciably outperforms the EFFICIENT one. For the equally-weighted portfolios, the mean excess returns for the INEFFICIENT and the EFFICIENT portfolios are 0.72% and 0.43%, respectively, and both are significantly different from zero at the 1% level. For the value-weighted, the mean excess returns for the INEFFICIENT and the EFFICIENT portfolios are 0.26% and 0.08%, respectively. However, only the return for the INEFFICIENT portfolio is significant at 10%. Only the equally-weighted SPREAD return is significant at the 5% level while the value-weighted SPREAD return is indistinguishable from zero.
C. Measures of Performance Relative to Firm Efficiency
Results of the four-factor Jensen's alpha for equally-weighted and value-weighted portfolios are shown in Table 5 . For the equally-weighted portfolios the alphas decrease substantially in magnitude after adjusting for the four factors. The alpha for the INEFFICIENT portfolio is 0.87% per month and highly significant while the alpha for the EFFICIENT portfolio is statistically insignificant.
It appears that efficient firms exhibit negative price momentum while inefficient firms do not reflect any specific momentum strategy. This finding is consistent with our assumption of efficient firms. By construction, efficient firms are the ones with the highest value per dollar unit of inputs and thereby are closer to the optimal frontier. Hence, the firm value appreciation potential for the more efficient firms is less than for the more inefficient ones.
[INSERT TABLE 5 ABOUT HERE]
The results for the value-weighted portfolios are presented in Panel B. The alphas for both the INEFFICIENT and EFFICIENT portfolios are statistically insignificant, and the signs of the coefficients on the momentum factor are similar to those for the equally-weighted portfolios. The sensitivity parameters on SMB and HML indicate that the INEFFICIENT portfolio consists of smallvalue stocks and the EFFICIENT portfolio contains mostly large-growth stocks. The positive relationship between the SPREAD portfolio return with size and value premiums suggests that there is a relatively higher concentration of small value stocks in the INEFFICIENT portfolio. This implies that the most inefficient firms may be small cap firms possibly in financial distress and supports the choice of equally-weighted returns in assessing the impact of firm inefficiencies.
The preceding results for the four-factor model confirm the fact that the INEFFICIENT portfolio outperforms the EFFICIENT portfolio. As a robustness check, we adopt the Daniel, Grinblatt, Titman, and Wermers (1997) methodology where, instead of Jensen's alpha, the performance measure is the time-series mean of the benchmark-adjusted return. The monthly time-series mean for the value-weighted INEFFICIENT portfolio is 0.46% smaller than for the equally-weighted portfolio and is significant at the 10% level. However, the differences in means for the value-weighted EFFICIENT and SPREAD portfolios are insignificant.
Although the benchmark-adjusted portfolio returns are zero-cost and zero-factor portfolios in theory, they are almost impossible to construct in reality. Therefore, the portfolio returns may still covary with factor risks. To control for factor risks, we regress the benchmark-adjusted returns against the Fama-French and Carhart factors. The results are also reported in Overall, the means and the alphas indicate that after adjusting for characteristics and taking into account factor risks, the equally-weighted INEFFICIENT portfolio still earns a higher return than the equally-weighted EFFICIENT portfolio. To check the robustness of the difference in alphas of the INEFFICIENT and EFFICIENT portfolios for equally-weighted benchmark-adjusted returns, we apply nonparametric tests on the medians of the alphas. Similar to Titman, Wei and Xie (2004), we obtain monthly alphas by adding back the residuals to the estimated alphas for the equally-weighted
INEFFICIENT and EFFICIENT portfolios. The Wilcoxon nonparametric test on the medians yields a Z-score of 2.3961 and hence rejects the null hypothesis (at the 5% level) that the median alpha of the INEFFICIENT portfolio is the same as the median alpha of the EFFICIENT portfolio.
The alphas for the value-weighted benchmark-adjusted returns against the Fama-French and Carhart Factors are also reported in Table 6 where the alphas for the equally-weighted INEFFICIENT, EFFICIENT and SPREAD portfolios are all significant. However, the alphas for the value-weighted portfolios are statistically insignificant. This suggests that when heavier emphasis is placed on the value of the company the abnormal returns from efficiency misvaluations disappear which confirms the assertion that misvaluations are larger and more common among smaller firms.
D. Performance of Buy-and-Hold Strategies for INEFFICIENT and EFFICIENT
Portfolios
Persistence of the negative relation between firm efficiency and stock returns is examined with a 5-year buy-and-hold strategy for the INEFFICIENT and EFFICIENT portfolios. to an efficiency decile is unchanged during the 5-year holding period. We adjust the weight for each firm in the portfolio after each period to correct for firms dropping out of the sample. Annual performance is computed by compounding the 12 monthly returns from July of year t to June of year t + 1, and then annual returns are cumulated over the holding period.
[INSERT Register (1993) and Hermalin and Wallace (1994) find that low efficiency firms tend to have higher failure rates 12 . Hence, the upward trend in efficiency level for the INEFFICIENT portfolio suggests that the remaining firms are forced to improve their efficiency level in order to stay competitive. The improvement in efficiency level for inefficient firms is consistent with findings by Habib and Ljungqvist (2005) who find that board of directors do respond to shortfalls from the frontier and firms that strengthen managerial incentive the most tend to improve their efficiency the most. At the same time, the efficiency level of the EFFICIENT portfolio is slowly decaying. However, the rate of decrease in efficiency level for the EFFICIENT portfolio is significantly lower than the rate of increase in efficiency level for the INEFFICIENT portfolio. Despite the difference in the trend for the two portfolios, at the end of 5-year holding period the efficiency level of the INEFFICIENT portfolio is still substantially lower than the efficiency level of EFFICIENT portfolio. Meanwhile, the return gap 12 We also compute the number of firms dropping out of the market for the INEFFICIENT and EFFICIENT portfolios. Consistent with findings by Berger and Humphrey (1992) , Cebenoyan, Cooperman and Register (1993) , and Hermalin and Wallace (1994) , the results indicate that the number of firms leaving the market for the INEFFICIENT portfolio is significantly higher than for the EFFICIENT portfolio.
between INEFFICIENT portfolio and EFFICIENT portfolio is narrowing. Yet, at the end of the period, there is still no convergence in returns of the two portfolios.
[INSERT FIGURE 1 ABOUT HERE]
V. Efficiency Scores and the Cross-Section of Stock Returns
We investigate the relationship between firm level efficiency, B/M, size and average stock returns using cross-sectional regression analysis of monthly returns. Table 8 contains the results for the Fama-MacBeth (1973) regressions. The parameter estimates are the time-series average of the crosssectional slopes of monthly returns regressed against size, B/M and efficiency score 13 . Consistent with Fama and French (1992) , we use log of size and log of book-to-market ratio.
[
INSERT TABLE 8 ABOUT HERE]
Similar to the results obtained by Fama and French (1992) and Anderson and Garcia-Feijoo (2006) , size and B/M have statistically significant predictive power for the cross-section of returns.
When monthly returns are regressed on ln(Size), the parameter estimate is -0.17%, with a p-value of less than 1%. When monthly returns are regressed on ln(B/M), the parameter estimate is 0.37%, again with a p-value of less than 1%. In the regression that includes both size and B/M (column (c)), the parameter estimates (p-value) are -0.15% (less than 1%) and 0.19% (less than 10%), respectively. Both of the coefficients have signs as expected and are consistent with previous findings.
When the efficiency score is included in the model, the parameter estimate is highly significant and has the expected negative sign. The regression of monthly returns on the efficiency score yields an estimate of -3.05%, with a p-value of less than 1% (column (d)). The result is consistent with equation (5) and implies that lower efficiency is associated with higher monthly returns. Furthermore, when ln(Size), ln(B/M) and efficiency score are included in the regression (column (e)), ln(B/M) becomes 13 We do not include beta in the analysis since previous studies have shown that beta has no significant predictive power on returns when size and B/M are present (see Fama and French, 1992, and Anderson and Garcia-Feijoo, 2006 
VI. Conclusions
Previous research on firm efficiency has focused primarily on the sources and determinants of inefficiency levels. This paper does not address what causes inefficiencies, but, instead, examines the linkage between the firm efficiency level and subsequent stock performance.
The empirical analysis yields the following results. First, we document that the portfolio composed of highly inefficient firms significantly outperforms the portfolio composed of highly efficient firms even after adjusting for firm characteristics and risk factors. The difference is statistically and economically meaningful. Moreover, the firm efficiency level is robustly significant in explaining average stock returns in cross-sectional regression and appears to subsume the information that is present in the book-to-market measure.
Second, we observe that a simple 5-year buy-and-hold strategy generates an average cumulative return difference of 44% in favor of inefficient firms. The majority of this difference is generated in the first two years after portfolio formation. Over time, the average efficiency level of the most inefficient firms is rising while the average efficiency level of the most efficient firms is slowly decaying. This observation implies that the most inefficient firms are forced to improve their performance in order to stay competitive. Meanwhile, the return difference between the two portfolios is narrowing suggesting that as efficiency improves the required rate of return falls.
In summary, the findings strongly indicate that the level of firm efficiency is a significant determinant of stock returns and should be incorporated into asset pricing models.
14 For robustness, we also estimate the relationship between firm level efficiency, B/M, size and average stock returns using fixed effect panel regression. The results are consistent with those in column (e) of table 8. We then take the average of the "betas". There are 23 total observations for each "beta". Panel A reports the average relationship between the independent variables and the dependent variable. For comparison purposes we also present the estimates using OLS. For both cases the dependent variable is the log of market value. Panel B contains the summary of diagnostics for SFA. Time-series standard errors are in parentheses and *, ** and *** represent significance at the 10%, 5% and 1% levels, respectively. Table 4 presents the distribution of excess returns for all ten ES portfolios and the SPREAD portfolio. The statistics include the mean, standard deviation, maximum, median and minimum values. At the beginning of each July of year t, all stocks are sorted into deciles based on their efficiency scores in descending order to form ten ES portfolios. The top decile portfolio is classified as the EFFICIENT portfolio and the bottom decile is classified as the INEFFICIENT portfolio. Equally-weighted and value-weighted excess returns on a portfolio are calculated as compounded monthly returns from July of year t to June of year t+1. Panel A and panel B report the excess returns for the ten equally-weighted and value-weighted portfolios, respectively. Panel C and panel D present the characteristics benchmark-adjusted returns for the ten equally-weighted and value-weighted portfolios, respectively. The benchmark-adjusted return on each stock for the month is calculated by subtracting the characteristics benchmark portfolio return from the stock's return for that month. The SPREAD portfolio is a zerocost portfolio that has a long position in the INEFFICIENT portfolio and short position in the EFFICIENT portfolio. The return series for the SPREAD portfolio is the difference between the INEFFICIENT portfolio return and the EFFICIENT portfolio return. All portfolios are rebalanced each year. Returns are reported in decimals. The *, ** and *** represent significance at the 10%, 5% and 1% levels, respectively. 
where ER is the portfolio return less the risk-free rate, RMRF is the market risk premium, SMB is the size premium, HML is the value premium, UMD is the momentum effect and α is the intercept. RMRF is calculated by subtracting the risk-free rate from the CRSP index return. SMB is the difference between the returns of small cap and large cap portfolios. HML is the difference between the returns of high book-to-market and low book-tomarket portfolios and UMD is the difference between returns of last year's high return and low return portfolios. SPREAD is a zero-cost portfolio that takes a long position in the INEFFICIENT portfolio and short position in the EFFICIENT portfolio. Standard errors are in parentheses and *, ** and *** represent significance at the 10%, 5% and 1% levels, respectively. Panel A reports estimates for the equally-weighted portfolios and Panel B presents results for the value-weighted portfolios. Table 6 reports mean excess returns (Mean) and the intercept (FF-Carhart) estimates. The mean excess returns are calculated as the time-series average of the portfolio excess returns. The benchmark-adjusted returns are calculated by subtracting the characteristics benchmark return from the stock's raw return. Jensen's alpha or the intercept is obtained from the following regression model:
where BR is the weighted benchmark-adjusted return, RMRF is the market risk premium, SMB is the size premium, HML is the value premium, UMD is the momentum effect and α is the intercept. RMRF is calculated by subtracting the risk-free rate from the CRSP index return. SMB is the difference between the returns of small cap and large cap portfolios. HML is the difference between the returns of high book-to-market and low book-to-market portfolios and UMD is the difference between returns of last year's high return and low return portfolios. SPREAD is a zero-cost portfolio that takes a long position in the INEFFICIENT portfolio and short position in the EFFICIENT portfolio. Standard errors are in parentheses and *, ** and *** represent significance at the 10%, 5% and 1% levels, respectively. (ES) . Size is the market value of equity at the end of June of year t. Book-to-Market ratio is the ratio of book value of equity at the end of fiscal year t-1 divided by the market value of equity at the end of December of calendar year t-1. Efficiency Score is computed as of July of year t. Average parameter values are time-series averages. Ln denotes natural logarithms. Time-series standard errors are in parentheses and *, ** and *** represent significance at the 10%, 5% and 1% levels, respectively.
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